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FOREWORD

The following table summarizes the consumables requirements for
the Apollo 10 mission, May 18 launch. Percentages refer to nominsal
usage only and do not include dispersions and contingencies.

Consumable Percentage of available consumable
used for mission planning
CM RCS 15
SM RCS 73
SPs 92
LM RCS 59
DPS 6
APS through rendezvous® 8
CsM O2 62
CsM H2 73
IM descent battery 27
IM ascent battery T1
LM ascent H20 59
IM descent H20 21
IM ascent O2 31
LM descent O, 8

aFrom rendezvous through the depletion burn, the remaining 92%
propellant is used.

The results were obtained from detailed consumables analyses per<
formed on the Apollo 10 systems and include Apollo 8 and 9 postflight
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data as well as Apollo 10 simulation data. A time history of total
consumables weight loss is also presented. Consumables for all systems
anlayzed have adequate margins to complete the nominal mission.

The principal sources of data were the data books (refs. 1, 2,
and 3). The analyses were based on the Apollc 10 draft final flight
plan (ref. 4). The operational procedures described in this study are
not intended to define mission rules or crew procedures but are merely
an attempt to establish an estimate of the consumables requirements.

Support was obtained from TRW Systems Group, from North American
Rockwell, from Grumman Aircraft Engineering Corporation, from the
Apollo Spacecraft Program Office, and from the Instrumentation and
Electronics System Division.

iv




AGS

APS

CDH

cM

COAS

Ccsl

CSM

DB

DAP

DOI

DPS

ECS

EECOM

EPS

LOT

LOS

ABBREVIATIONS

abort guidance system

ascent propulsion system
constant differential height
command module

crew optical alinement sight
concentric sequence initiation
command and service modules
deadband

digital autopilot

descent orbit insertion
descent propulsion system
environmental control system
electrical, environmental, and communications
electrical power system

full throttle position

hydrogen

inertial measurement unit
fuel cell current
specific impulse

lunar module
lunar orbit insertion

line of sight



LPO
MCC

MI

MSFN
NR

ORDEAL

PGNCS
PTC
RCS
REV
RR
SCs
SEP
SLA
SM
SPS
SPS-n
T, D, and E
TEC
TEI
TLC

TIMC

lunar parking orbit

midcourse correction

minimum impulse

Mission Planning and Analysis Division
Manned Spaceflight Network

North American Rockwell

orbital rate display, earth and lunar

oxygen

primary guidance and navigation control subsystem
passive thermal control

reaction control system

revolution

rendezvous radar

stabilization and control subsystem
separation

spacecraft/IM adapter

service module

service propulsion system

number of the SPS burn; n =1, ..., 8
transposition, docking, and extraction
transearth coast '
transearth injection

translunar coast

translunar midcourse correction
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TPI

TPF

WT

terminal phase initiation (of rendezvous)

terminal phase finalization (of rendezvous)

time

weight
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REVISION 1 TO THE
CONSUMABLES ANALYSIS FOR THE APOLLO 10 (MISSION F)

SPACECRAFT OPERATIONAL TRAJECTORY
By Martin L. Alexander, Sam A. Kamen, Arnold J. Loyd,

Samuel 0. Mayfield, Dwight G. Peterson,
Walter Scott, Jr., and Richard M. Swalin

1.0 THE CM RCS ANALYSIS

The CM RCS propellant data were taken from reference l. Usage
data were taken from reference 5. The CM RCS propellant summary is
presented in table 1-I.

TABLE 1-I.- CM RCS PROPELLANT SUMMARY

Ttem RCS propellant | RCS propellant

used, 1b remaining, 1b
Loaded - 245.0
Trapped 36.4 208.6
Available for mission - 208.6

planning

Nominal usage 30.8 177.8
Margin - 177.8




2.0 THE SM RCS ANALYSIS

TABLE 2-I.- GROUND RULES AND ASSUMPTIONS FOR THE SM RCS ANALYSIS

The following ground rules were used to calculate the SM RCS
budget.

1. The first and third MCC's (translunar) are executed as
SPS burns with the third MCC trimmed with the RCS.

2. Passive thermal control is assumed to be in the PGNCS
wide deadband control mode and to require 1 1b/hr, compared with
1.1 to 1.7 1b/hr requirement on Apollo 8 in the SCS control mode.

3. The sixth MCC (transearth) is executed as an RCS burn
of 5 fps.




TABLE 2-II.- SM RCS PROPELLANT LOADING AND USAGE SUMMARY

Item Propellant Propellant
required, 1b remaining, 1lb

Expected loading™ 13k2.h
Initial outage caused by loading
mixture ratio™ 15.6
Total trapped® 26.4
Gaging inaccuracy” 80.4
Deliverable® 1220.0

Nominal Usage
Lift-off through SPS burn to evade

S-IVB 114.0 1106.0
Remainder of translunar period 199.5 906.5
L0I-1 to undocking 116.3 790.2
Undocking through two REVS beyond

docking 22h.2 566.0
Remainder of lunar stay to TEI 66.3 499.7
TEI through CM/SM separation 141.4 358.3
Outage caused by mission duty

cycle mixture ratio shift 36.8 321.5

Nominal remaining 321.5

®Data provided by Auxiliary Propulsion and Pyrotechnics Branch of
Propulsion and Power Division.




TABLE 2-III.-

SM RCS PROPELLANT BUDGET

TIME EVENT S/C #T | SM=RCS|SM=RCS |SHa
{WR) (LpS) usep | LEFT {RcS
(LBS) | (LBS) |LgfT
RS W e ——— - - PR e ._.__._,.'.’.,’.__ .
«0 MISSloN F L 6352%9.] ,.0“1220.0+Lun,
.0 [sM=RCS CcHECKOUT 63529, .0|1220.0(100.
NON__PROPULSIVE. U S S I
ol [TRANSPOSITION AND DOCKING 63517 1221120748 99,
+X  ,gFPS, NULL TO 0.3 FPS
3.1 |[PITCH TO ACQUIRE SIvVa 63514, 243(12055| 99,
1. Pl1IcH 180 DEG 1a850DEG/SEC . — . . e -
3. ROLL CSM AT 09 DEG/SEC 63514, +4]1120561 29,
3¢} |[NULL DELTA V 63504 95119506 98,
- . e - - — [PR— — - ——— e+ - —-‘—--"———1— -
341 [PHOTOGRAPHY AND SYSTEMS FAMILIARIZAT 63455, 4963{ 114663 94,
IONINCREASED PER APOLLO 9 RESULTS
Js2 |INDEX AND DOCK 63429, 26,0[112043 92,
LANGLEY STuUDY. - I I
4e1 |[LM EJECTION PLUS RCS BURN 94267, 72911124 910
4 JETS, S SEC
4¢5 |SPS BURN TO EVADE SIvVs 94263, 4.111108.3 91.

- _ 3 AXIS QRJENT PGNCS . —_ ) - I I
445 ATTITUDE HOLD 94263, 4111079 91
445 | SPS BURN 94260, «01110769] 91,

+ O BUILD.UP e e e
Y4eb STEADY STATE BURN 11 F422%. ). .ITLLDILB”_il.
4e5| TAILOFF . 94184, 8l1107.1] 91,
445 DAMP SHUTDOWN TRANSIENT 94182, lal]1104e0f 91,




TABLE 2-III.-

SM RCS PROPELLANT BUDGET - Continued

TIME EVENT S/C WT | SM=RCS |SM=RCS|SM=
(HR) (L8S) | USED | LEFT |Rrcs
(LBS) |(LBS) |LEFT
4
4,7| ORIENT TO MONITOR SLINGSHOT 941784] 4,111101.8] 90,
Oe2 DEG/SEC PGNCS
5.0/ P52 I1MU ALIGN 94175, 2.,8|1099.0| 90,
5.5|ORIENT FOR NAV SIGHTINGS 94171, 4,1]1094.9| 90,
SET |
"S.6|ORTENT FOR NAV SIGHTINGS 94167+ 4.1|1090.8] 89,
. _SET 2
5.7| ORIENT FOR NAV SIGHTINGS 94163, 4.1 |108406] 89,
SET 3
5.8 |ORIENT FOR NAV SIGHTINGS 94159, 4.1|1082.5] 89,
SEY 4 SN E— 4
5¢9 |ORIENT FOR NAV SIGHTINGS 94155, 4,111028.a] 88,
SET §
5.9|ALLOW FOR MIN DB MOLD DURING SIGHTIN| 941834 1.8(107645]| 88,
Gs_ . IR B ]
Se9|SPACECRAFT IN RANDOM DRIFT 94153, 20102445 88,
9.2|Ps2 1Mu aLIGN 94150, 2,8|1073.,7| s8.
942|[MCCly NO ULLAGE, NO TRIM 94146, 400 ]1069.6] 88.
9.2 ATTITUDE HOLD 5 ©DEG DB T 94i4e, «4]1069.2| 88,
Fe2|5PS BURN 94143, «01]1069.,2 | 88, |
BUILD uP |
9.2| STEADY STATE BURN 11 94108, o1 106941 | B8,
92 TAVWOFF_ ] 94067, _ .8!1068.3}! BB,




TABLE 2-IIT.—- SM RCS PROPELLANT BUDGET - Continued
TIME EVENT S/C wT |sMaRcS [sM=RCS |SM-
(HR) - (LgS) | vsep—{ LEFT—{ReS
(LBS) |(LBS) |LEfFT
e . "
942 DAMP SHUT,DOWN TRANSIENT 94065 1s1]1067421 87,
12,0|PS52 IMU AL1GN 7 94063 2.8]1064.4| 87,
N L e e o e P, — ,._.__*
12.0|URIENT FOR PTC 94059 _4.0{1040+4) 87,
3AXIS 0.2 DEG/SEC
- -
1240|ESTABLISH ROLL 94058 +4|1060.0| 87,
18+40{12¢7 HRS OF_PITCH AND YAW CONTROL 94046a! 1242}1047.31 B4,
2447 |P52 IMU ALIGN 94043 2,8|1044+5 | 86,
2543 |ORIENT FOR NAV SIGHTINGS 94039.! _4.1]1040.4| 85,
SET
254 |ORTENT FOR NAV SIGHTINGS 94034 4.1[103643 | 85,
.l sEer 2 . _ B . .
25¢5|ORIENT FOR NAV SIGHTINGS 94030, 4.11103241 | 88,
SET 3
25,6 [OKIENT FOR NAV SIGHTINGS 94026 4o1]1028.0 | 84,
SET 4 :
2507 |ORIENT FOR NAY SIGHTINGS. 94022e] . 4+1]1023.9) B4, |
SET §
I . - - VN S — 1
25.7 |ALLOW FOR MIN DB DURING SIGHTINGS 94019 3.4/1020.4 | 84,
264 [SXT STAR CHECK L e 94016+ . 24311018.1 ] 83,
.- [ —— — R S DS — —_ - —— —— 1
2645 |MIDCOURSE CORRECTION NO 2 94012, 4,11{1014.0 83,
L MNyR 15 BURN ATT
2645 ATT HOLD 5 DEG DB __PGNCS | 940124 . 3)10313.8 ] 83,




TABLE 2-III.- SM RCS PROPELLANT BUDGET - Continued
TIME EVENT S/C WT | SM=RCS |SMaRCS|SM=-
(HR) (LBS) | USED | LEFT |RrcCs
(LBS) [(LBS) |LEFT
- —_ — (%)
2645 DELTA VEL = NOMINALLY ZERO 94012 +0]1013.8] 83,
27.0| URIENT FOR S=BAND REFLECTIVITY TEST | 94008, 4.1|1009+6| 83,
R — e e e S | e ]
27«1 ORIENT FOR PTC 94004, 441]1005.6} 82,
3AX{S 0.2 DEG/SEC
27.1| ESTABLISH ROLL 94003 w4[1005.2| B2,
32,0 PITCH AND YAW CONTROL 93995, 847] 996.5| B2,
38,0{ PITCH AND YAW CONTROL 93986 8.7] 987.8| 81,
45.0] P52 IMU ALIGN 93984, 2,3| 985.5] 81,
45.0| ORIENT FOR PTC 93980s|  4.1| 981e4)| BO.
45.0| ESTABLISH ROLL 93979, 4| 981.0]| 80,
49.0|PITCH AND YAW CONTROL 93971 8.0 973.0/| 80,
o AR B 4
$3.0{P52 MU ALIGN 93969 2¢3 9707 80,
5347 |MIDCOURSE CORRECTIUN NO 3 93965+  4e1| 96606 | 79,
_l___MNVR IO BURN ATT — -
53e7 ATTITUDE HOLD o 93964 27| 964.0] 79,
53¢7|SPS BURN N 93961 0| 966+0| 79,
| 1 suulp ue_
37 STEADY STATE BURN .11 . .9313!1{,,“, .a0] 965.9! 79,




TABLE 2-III.-

SM RCS PROPELLANT BUDGET - Continued

TIME EVENT S/C WT |SM=RCS|SM=RCS|SM=
(HN) tLgS) usep-1 LerT | RCS
(LBS) | (LRS) [LEfT
- — - - - 81
537 TALLOFF 93894, 9] 985.1] 79,
53.7 DAMP SHUT,DOWN TRANSIENT 93893, 1.1 F64.0) 79,
5347 |[RCS TRIM TO De5 FPS 93877 1642 947.8] 78,
ALLUW 1.5 FPS TRIM
8§3e¢7 |TV ALLNWANCE 93873, 4,0 943.8 77
5491 [ORIENT FOR PTC 93869, 4,1)1.93947} 77,
3AX]1S 0,2 DEG/SEC
54941 [ESTABLISH ROLL 93869, 4| 9393 77,
b4.5| P1ITCH AND YAW CONTROL 93861 78} 9315 74,
6240 PITCH AND YAW CONTROL 93853, 7.8| 92347 | 76,
6F¢5 |IPH2 IMU ALIGN 938514 203 ] 92104 764
7147 |MIDCOURSE CORRECTION NO 4 93847 41| 917.3] 75,
1 MNVR .T0 BURN_ATIL . __ . _ .. I P
7147 ATT HOLD Oe5 DEG DB  PUNCS | 93846 . _e4)] 91649} 25,
717 DEL VEL = NOM ZERO 93846, 0] 91609 ]| 75,
7241 [ORIENT FQR COMM _ 938420 | . 4e1] 91248} 75, ]

7241 [TV ALLOWANCE - 93838 4.0| 908¢8 | 74,
7241 [SEXTANT STAR CHECKING o 93836, 2,3] 90645 | 74,

~




TABLE 2-III.- SM RCS PROPELLANT BUDGET - Continued
TIME EVENT S/C WT [ SM=RCS|SM=RCS| sSM=
(HR) (LBS) USED LEFT | RCS
(LBS) |(LBS) |LEFT
- - - et e L 44 8)
79.5|LUNAR ORBIT INSERTION BURN 1 93832, 4,1| 902.4| 74,
3=-AX1S ORIENT PGNCS
7445 ATTITUDE HOLD 93831 4| 902.0| 74,
7547 START TRANSIENT CONTROL 93830 1.3 900.7| 74,
76+5/LOI1, NO ULLAGE, NO TRIM 93827 .0 900.7| 74,
7645 STEADY STATE BURN 11 70243, +6| 900.1] 74,
7645 TAILOFF 70203. o0 900.1 74,
7645 0A"MP SHUT LOWN TRANSIENT 70202 lel| 899.0] 74,
7645 |REV | ATTITUDF HOLD 70200, 165 | 89745( 74,
7645 |KOLL 180 DEG FOR COMMUNICATIONS 70200, -3 897.0 74,
76¢7 [MANEUVER TO LUNAR OBSERVATION ATTITU| 70196, 3.4| 893.6) 73,
DE .. - —_— [

76¢3 IKEV 2 ATYTITUDE HOLD 70193, 3.0)] 890¢6| 73,
7742 |MANEUVER TO SLEEP ATT FOR COMM TEST | 70190, 3.4 | 8s7.2| 73,
78¢5 |ROLL TO [MPROVE LUNAR OBSERVATION 70190¢) . «4] 8BAe8) 73,
79.2 |LOI 2 LPO CIRC 701864 3.4 | 88343 72,
1. MNVR Y0 BURN ATT —_ - _
7962 ATTITUDE HOLD 70186, a4 | 882.9) 72,
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TABLE 2-III.~ SM RCS PROPELLANT BUDGET - Continued
TIME EVERT S/C WT | SM=RCS |SM=RCS|SM~
(HR) - (LBS) USEp | LEFT {RCS
(LesS) |(es) |LeFT
—_ e . — — — - ____f%_’,__J
80e¢2 |[ULLAGE _ 70171l 193] B&a7:7) 71
2 JETS A AND C
1 N
852 |5PS BURN 70168, «0| B&67e7]| 71
BUlLD UpP. e e s e e e e ek e e e —_ g
8Us2| STEADY STATE BURN 14.5 SEC PGNCS 69190, 22 867¢5] 71,
80,2 TAILOFF 69150 0l 86745 71,
8U2 DAMP SHUTDOWN TRANSIENT 69149 1.1] BoAe4d] 71
BUs2|REV 3 ATTITUDE HOLD 69146, 3,0 863e4| 71,
L —e PR, - e e —_ e e e e —
BUI|ROLL FOR CQMM L9146, oY B43.0 Z1la
80«3 TV ALLOWANCE 69142 4,0 859,.,0 70,
PR —— U - m—t—— —— —— - —— — o e ————— = . ot = - o vt - —
al0«3 P52 IMYU AL IGN - 64791384 deb BS8545 70«
Ble0|MNVR TO LOMK TRKG ATT 69134, 3,5 | 852,0} 70,
B82.5|REV 4 ATTITUDE HOLD 69131 3.0/ 849.0] 70,
8245 |REORIENT TO SLEEP ATTITUDE 69128, 3.5 | 845.5 | 69,
BYe4 |REV S ATTITUDE HOWD 691250] 3.0} 842451 69,
B6.4 [REV & ATTITUDE HOLD 691224 3.0 [ 8395 | 69,
8B.3 |REV 7 ATTITUDE HOLD 69119%9¢] 3.0 | 836rn | 6%,




TABLE 2-III.- SM RCS PROPELLANT BUDGET - Continued

TIME EVENT S/C WNT | SMeRCS [SM=RCS |[SM-
{HR) (LBS) USED LEFT lRCs
(LBS) [LBS) |LEFT

- S — ———— S I X
YUL3IREV B ATTITUDE HOLD 69116, 3,0] 833.5] 648,
92.3|KLVv 9 ATTITUDE HULD 69113 3.0| 8305 | 68,
94,3 |HEV 10 ATTITUDE HOLD 69110, 3.0 82745 48,
95.5| REORIENT FOR LDMK STG 69106 3.5| 824.0/ 68,
9642 |REV 11 ATTITUDE HOLD 69103, 3,0| 82140/ 67,
9647 {ORIENT TO UNDOCKING ATT, ROLLED 180 69100, 3.,5| 8175 67,
_ eEs. . . . . —
96,7 ROLL 180 DEG 69098, 15] Bl6.0} 67,
97.0|YAN LEFT 14 DEG 69097, 1.9 8i4e1 | 67,
97.0|EXTRA ALLUOCATIUN PRE=SEPARATION 69073, 23,9 790621 65,

BASED OM APOLLO 9 DATA
98,42 UNDOCK 38222. 4,7 78545 b4,
98e2 | STATION KEEP FOR LM PHOTOGRAPHY 38212, 10,0 | 7755 | 64,
98.2 |REV 12 ATT HOLD IN MIN DB 38207, Se2 | 770.3 | 63,
98.2 | ROLL 18D DEG 38206, _eB 1 74945 ] 63..
v , . i} o i R R

9847 | ORIENT FOR SEP BURN 38204, 18| 76747 | 63,
9847 [RCS SEPARATION BURN 2,5 FPS 38193, 11a2 )] 75605 62,




TABLE 2-ITI.- SM RCS PROPELLANT BUDGET - Continued
TIME EVENT S/c WT | SH=RcS|sm-rCS|SM-
(1R} {LpS) USEp-1 tefFT [RTS
J (LBS) |1L8S) |LepT
98.8|P20 ORTENTATION as190.] . 3a1) 783.4) 62, |
9945|P20 MANEUVER (P]TCH) 38187, 3.1| 750.3] 61,
99+6 [P20 ORTENTATION MANEUVER { PLTCH) 38184, 3.1 74742] 61,
TRIM TRKG ATT POUST DOJ
10U«2 |REORIENT PITCH AND ROLL FOR COMM 38182, 1.9 745.3| 61,
,,,,, e — . i I B
10Us2 |REV 13 ATT HOLD IN MIN DB 381717, 5.2 74041 1. -
10U«7 |MANEUVER TO TRACK PHASING BURN 38173, 3.3| 736.8| 0.
10Us8|TKIM TRKG ATT POST PHASING . 38170 3.0| 733.8] 60
10242 |REV 14 ATT HOLD IN MIN DB 38165, 5.2| 72846 60,
I . et e+ e+ e e e [
102+5|P40 ORIENT TO BACK UP LM INSERTIUN B| 38162 3.1l 72545} se,
URN
103.0|P20 TRIM TQO TRKG ATT 38159, | 722¢4 59,
_ S T . ——— e~ e e e ot e - e
103+5|MANEUVER TO BACKUP CS1 38156, 3.1] 721944 B9,
103+6|TKIM TO THRKG ATT POST €SI 38153, 3.2| 71642 59,
1041 |REV 15 ATT HOLD IN. MIN DB 38147, S.2} 711.0] S8, |
10447 TRIM TO TRK LM POST PLANE CHANGE 38144, 3.2| 7078 s8.
105¢0 | MANEUVER TO BACK UP TPI ~ 3814)e¢]  __342] 70446 S8,




13

TABLE 2-III.- SM RCS PROPELLANT BUDGET - Continued
TIME EVENT S/7C WT | SM=R(CS |SM=RCS| SMe
(HR) (LBS) USED -1 LEFT 1RCs
(LBS) |(LBS) |LEFTY
L 48|
105.0| TRIM ATT TO TRACK LM POST TP] 38138, 3,11 701,06 s8.
1054/ ORIENT TO MCC1 ATT 38135, 3.1] 698e4] 57,
10544 1RIM TO TRKG ATT 38132, 3.2| 695.2| 57,
105¢4| ORIENT TO MCC2 ATT 1 38129, 3.1 69241 57,
1054/ TRIM TO TRKG ATT 381260 3.1 en9.0| 56,
10640 STATION KEEP FOR LM PHOTOGRAPHY "38l16e] 10,0] 679.0] s6.
106+0|REORIENT FOR DOCKING ) dali2. del | 67509 55, |
106+1|REV 16 ATT HOLD IN MIN DB 38107, Se2| 67047| 55, |
106« 1| MAINTAIN BORESIGHT 381065, e} 66900! 55,_]
10641 |EXTRA ALLOCATION DURING RENDEZVOUS 38090.| 15,0 654.0| 54,
BASED ON APOLLO 9 DATA
106.3|CSM ACT]VE STAT]ON KEEP AND DOCK 45749.| 25,1 | 628.9} 52,
10643 EXTRA ALLOCATION POST DOCKING | 45720, 29.0[ 599.9| 49,
BASED ON_APQLLO 9 DATA
1067 |MANEUVER TQ APS BTD ATY 45717, 3.2 | B94.7 | 89,
05 DEG/SEC
10841 |REV 17 ATTITUDE HOLD 45714 3.0 | 593¢7 | 49,
108¢6| ORIENT FOR_SEP BURN 45711e] 3,2 | 590+5| 48,
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TABLE 2-III.- SM RCS PROPELLANT BUDGET - Continued

TIME EVENT S/C Wl |SM=RCS |SM=RCS [SM~
(HR) (LgS) | uSEp | LEFT [RCS
(LBS) |(LBS) |LEFT
— B N |
108e¢7{ JETTISON | M 2FPS 38016, 10.9] 57945} 48,
108+7| MNVR TO OBSERVE LM 38014 1.8 577.8] 47,
e e e i e e+ o o et e et e _1 _____ —_— A o —_ - —
10847 TV ALLOWANCE 38014 4,0] 523.8} 47,
108¢7| MANEUVER TO SLEEP ATTITUDE 38009, 18 '572-0 47,
11U«0j REV 18 ATTITUDE HOLD 38006, 3.,0] 569.0] 47,
11240/ REV 19 ATTITUDE HOLD 38003, 3.,0| 56640 46,
1149e0|REV 20 ATTITUDE HOLD 38000 3,0| 563+0} 46,
116«U|REV 21 ATTITUDE HOLD 37997 3,0| 5600 46,
- - —_— - —— —— ———— ——— —_— - _ .__1.
J1/79|REV 22 ATTITUDE HOLD 37994, 3,0] 557.0| Y46,
117¢9{MANEUVER FOR PHOTOGRAPHY 37991 2,6] 5544 45,
e .4 2 MANEUVERS.
1199 REYV 23 ATTITUDE HOLD 37988 3.0l 551.4) 45,
1199 |MNVR TO SUBSOLAR PT 37986 1e7| S4947 | 45,
N e
1205 REV 24 "IMU ALIGN 37985 Bl 548,91 45,
1219 |REV 24 ATTITUDE HOLD 37982, 3.0 54549 | 45,
1225 |REORIENT FOR LANDMARKS 37979, 3.6 9424 ) 44,
3 TIMES PER REV
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TABLE 2-IIT.- SM RCS PROPELLANT BUDGET - Continued
TIME EVENT S/C WT |SMeRCS |SM=RCS| SM
(HR) (LBS) | USEp | LEFT |Rcs
(LBS) [(LBS) |LEFT
L} )
1225 ROLL TO ACQUIRE MSFN 37979} ed | 542.0]. 44,
123.9|REV 25 ATTITUDE HOLD 37976, 3,0 s539.0| 44,
124,0| REV 25 IMU ALIGN 37975, .8 538.3| 44,
1245 | REORIENT FOR LANDMARKS o 37971e¢| 3.6 534.7| 44,
. 3 TIMES PER REV —_
124.5|ROLL TO ACQUIRE MSFN 37971¢] o3| 534.4) 44,
12548|REV 26 ATTITUDE HOLD 37968, 3.0 531.4 44,
126+0| REV 26 IMU ALIGN 37967, o8| 530.6] 43,
12645|REORTENT FOR LANDMARKS 37964, 3,6 | 527.0| 43,
_ | .3 TiMES_PER REV. . . L \
12645 |ROLL TO ACQUIRE MSFN 37963, o3 | 52647 43,
12748 [REV 27 ATTITUDE HOLD 37960 3.0 52347 43
128.0 REV 27 I1MU ALIGN 37959, 1.0 1 92208 43, ..
128.0[ORIENT TO REST ATTITUDE - 37958s| 1.7 | 521.0] 43,
128.0{REV 28 ATT HOLD 1 _37985,. 3,0 | s18.0} 42,
| 128.0|REV 29 aTT WOLD 37952.| 3.0[ s15.0| 42,
13149 |MNVR FOR_PHOTOGRAPHY 137950 1a7 | 513.3) 42,
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TABLE 2-III.- SM RCS PROPELLANT BUDGET - Continued

TIMg EVENT S/C WT | SM=aR(CS|SM=RCS [SM=
Hie) - (Las?) | uSEp | teFT |RCS
(LBS) [ (L BS) |LEfFT
- — . ?"—T—'—
133.0[MNVR FOR PHOTOGRAPHY 37948, 127] S11e6) 42,
133.9|MNVR TO LDMK STG ATT 37946¢]  1.7| 5099 42,
_— e ——— - ——— [P e e - 4 poa—
1339 |ROLL TO ACQUIRE MSFN 37946, _ s3] 509.5] 42,
13349 |REV 30 ATT HOLD 37943, 3.0| 5065 42,
135¢9 [MNVR TO PHOTO ATTITUDE 37941 le2|_SD4eB | 4},
13640 |YAWw 2X FOR PHOTOS 37939, 2,1] 502.7) 41,
136,0|REV 31 alT HOLD 37936, 3.0} 49947} -4,
1363 |MNVR TO TE] ATT (ROLLED 180 DEG! 37935 1e7] 498.0)] 41,
1363 JURIENT FOR TEI 37934, 5] 497.5] 41,
ROLL |80 DEG
13643 = ATTITUDE HOLD 37934, 4] 49741 41,
13643 [ULLAGE 37918 152} 483.9] 39,
2 UETS B AND D
13743 |SPS BURN 37915 «0] 481.9] 39,
1 _BUNLDUP. . — —
1373 STEADY STATE BURN 136 SEC PGNCS 28751 23] 48146] 39,
13763 TALLOFF 28711 «0| 48146 39,
1373 DAMP SHUTDOWN TRANSIENT 28710, Lhal] 48005; 39,




17

TABLE 2-III.- SM RCS PROPELLANT BUDGET - Continued
TIME EVENT S/C wl SM=RCS [SM=RCS| SMa
(HR) {LB8sS) USED LEFT |RCS
(LBS) (Les) LEFT
—~ e (SIS, SR A - 3 W
1373 |TV ALLOWANCE 28706, 40| 47645] 39,
13844 [P52 IMU ALJIGN 28704 1e5 475.0 39,
1385 [URIENT FOR PTC 28704, b 4743 39.
JAX1S (0.2 DEG/SEC
138.,5 [ESTABLISH ROLL 28703, 2| 47442 39,
13845 PITCH AND YvYAw CONMTROL 28692, 11401 46342 38,
1500 |P52 IMu ALIGN 28691, 1eS | 4617 | 38,
15040 [CISLUNAR NAVIGATION 5 STAR SETS 28685, D.9 4554+8 37
15U« |CISLUNAR NAV SIGHTINGS TOTAL OF 9 S| 28681, 4421 4515 237,
ETS )
1500 |ATT CONTROL 28679, 242 H494.4 37,
1523 |[MIDCOURSE CORRECTION NO 5 28677, 1e5 44749 37
JMNVR. 7O _ BURN ATI___ .- S . -
152,3|ATTITUDE HOLD 28677, «d | 4476 37,
152.3 DEL VEL = NOM ZERO 28677, «0 44746 37,
e - e — o
15243 {TV ALLOWANCE 28673, 4D | 443061 6o
153.0 URJTENT rok PTC 28672 eb | 443,01 34,
— - J-— 3AX[|S (.2 DEHKISEC -
15340 ESTe 0.3 DEG/SEC ROLL 28672e).. .2 ) 44248 36,
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TABLE 2-III.- SM RCS PROPELLANT BUDGET - Continued

TIME

EVENT

S/C NT | SMoRCS| SM_RCS |SM.
Sl (LBS) USED | LEFT [RCS
(LBS, | (LBS) |LEFT
: S IR 6y
13,0 PITCH AND YAW CUNTROL 2866U . 12.0 430¢8 3s,
1560 P52 1My ALIGN 28659 1eS] 4293 35,
165eU| CISLUNAR NAVIGATION 28653, S,9 4234 35,
STAR/LUNAR HORIZON ORJENT
16545 ORIENT FQR PTC 28652, ) 4228 35,
IAxS 0e2 DEG/SEC
169e5]ESTABLISH ROLL 28652, 2 H22:6 iy,
16545 PITCH AND YAWN CUNTROL 28646, 6.0| 41606 | 34,
1710 P52 MU ALIGN 28644, 15 41501 34,
171 e0|HAV SIGHTINGS 28644, o7 4145 4,
172.Ul0RIENT FOR PTC 284643, ob&| 413e8 | 34,
3JAXLS ©,2 DEG/SEC
17240 ESTs 0.3 DEG/SEC ROLL 28643, o2 41346 | 34,
172.0 PITCH ANMD YAw COUNTROL 28639, 40| 409e6 | 34,
17560 PH2 MU ALLIGN 28637, 1.9 408+ 33,
17662 | MIUCOURSE (ORRECTIUN NO 4 28636, 1.5] 40606 ] 33,
MNVR TO BURN ATI
17642 ATT HOLD «5 DEG DB PGNCS 284636, oY 4062 33,
17662 KCS =X TRANS 5 FPS 28619, 16,8 3895 3z,




@ 2

TABLE 2-I1I.- SM RCS PROPELLANT BUDGET - Concluded

TIME EVENT S/C 4l [SM=RCS |SM=RCS|SM=

{HR) (Las) USED LEFT |R¢S
‘ (LBS) |(LBS) |LEFT

- U SRR SO ree
. 17647 |OKIENT FOR PTC 28618, o6 | 38809] 212,
3AX1S D.2 DEG/SEC

17667 |LSTABLISH ROLL 28618 o2 | 38a.7] 232,

17607 PITCH AND yvYaw CUNTROL 28607 9:01 37927] 31,

18740{P52 1MU ALIGN 28607 1.5] 378+2| 31,

_ | .

187 eu TV ALLOWANCE 28603, 4.0 37402 31,

18843 |MIDCOURSE CORRECTIOMN NG 7 28602 1.5] 372+8] 31,
‘ ENVR TO BURN ATT S N

18843 AT HOLD «5 DEG DB PGNCS 28602, 3 37241 31,

lgu,d DEL VEL = NOM ZERO 28602, W0 37244] 31.

— X {._...A__

189.0{P52 IMU ALIGN 28600, 1.6} 320.8] 230,

18940 MANEUVER 10O REENTRY ATTITUDE 28599 1.5] 369.3] 30,

18940 ATTITUDE HOLD 0e2 DEAQ DB SCS | 28598, o8 | J6BeS| 30,

18940 PITCH TO ACWUIRE HORILZON 28597 «7 | 367.8| 30.
‘ 18%9.0 Yaw 45 DEG 28596, «7 | 367.2] 3D,

189.0 ATT HOLD o5 DEG DB PGNCS 28596, 4| 366e8| 30,

U I e -

19166 |CM/SM SEPARATION 16213« 8.5 | 358,23 29, |

. DELTA VEL=3 FPS

aExcept for mission duty cycle mixture ratio shift, (table 2-II),
this propellant is usable.
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Figure 2.1. - Continued.



l
D(ick

|
Untiock

Lol-1

MCC-3

SPS evasive maneuver

Il i A

-

100

80

2 e

yuaduad +buybeb pieoqug

2

1 | | —— i

305

280

1
T 8 8 B = %

o~

q| ‘Buiujewal yueyjadosd $2Y WS a|qesn

22

| ' Il 1

100

|

& 2 * b
yuasuad ‘bu|beb paeoguo

| ] 1 | 1 1

305 -

g

g 8 8 8 8 %
q| ‘Buiuiewal yuejjadosd SOY WS 3lgesn

240

180

160

140

120

100

60

Ground elapsed time. hr

{c) Quads B and D.

Figure 2. 1.- Concluded.




23

3.0 CSM - ACTIVE RESCUE OF LM

The critical consumable for a CSM-active rescue of a disabled IM
is the SM RCS propellant. The rescue situation analyzed here is one
in which the CSM must begin rescue with the insertion burn. The AV re-
quired from the SPS (320.5 fps) is well within the 900 fps mission
flexibility AV available (section 4.0: The SPS Analysis).

The minimum quantity of SM RCS propellant remaining at undocking
for initiation of the nominal LM-active rendezvous must be sufficient
to provide for a CSM-active rescue of a nonpropulsive IM and for the

transearth phase of the mission. Two rescue situations are considered
here.

1. The LM is unable to perform insertion, CSI, CDH, and TPI, but
the malfunction does not preclude use of the LM RCS for the braking
phase.

2. DBame as above, but the LM is also unable to perform the braking.

Based on an appraisal of the likelihood of various failure modes,
it is felt that case II is unduly conservative, and it has been recom-
mended that case I be the redline requirement for the decision of
whether or not to commit to the rendezvous. Case II is included for
reference purposes.

The propellant budget for the CSM support of the nominal ILM-active
rendezvous has been increased considerably over the budget of reference 6.
This increase reflects Apollo 9 postflight results and Apollo 10
simulator data. If a CSM rescue occurs, this propellant would be avail-
able for those activities common to the nominal CSM support of the
LM-~active rendezvous and the CSM-active rescue.

Above the nominal rendezvous usage, the propellant quantities
listed in table 3-I for case I must be reserved for the rescue situation.
Because the total allocation for the nominal CSM support of the ILM-active

rendezvous is 161.3 pounds (table 2-IIT, undock through dock) with an
extra allocation for the rescue of 190.2 pounds (table 3-I, case T)

the total propellant available for the rescue rendezvous is 351.5 pounds
(of which 161.3 1b are included in the nominal budget) with the IM doing
the braking.

b

The minimum SM RCS propellant requirements for rescue and safe re-
turn are summarized in tables 3-IT and 3-III. Case I is recommended to
establish a mission redline. It is based on a rescue that includes
IM-active braking followed by an immediate return to earth (deleting sub-
sequent lunar orbit activities and nonessential transearth TV allocations).
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Case II shows the margin for the ILM-active braking followed by comple-
tion of the nominal mission. Case III is based on the CSM braking with
immediate return. Case IV shows the CSM braking completion of the
nominal mission. As shown in table 3-III, all but case IV show a posi-
tive margin at undock.
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TABLE 3-I.- CSM ACTIVE RESCUE OF NONPROPULSIVE IM,

SM RCS USAGE ABOVE NOMINAL CSM SUPPORT OF

IM-ACTIVE RENDEZVOUS

Propellant used Propellant used
for Case 1 for Case II
(LM braking), (CSM braking),
1b 1b
RCS usage for SPS insertion burn
glizfeévzigz Jets, 10 sec plus 7.3 Seme as
P : case 1
Mmoment control 2.0
RCS usage for SPS CSI
Ullage 17.3
Moment control 2.0 Same as
Trim® 10.4 case 1
RCS usage for SPS CDH
Ullage 17.3
Moment control 2.0 Seme as
case I
Trima 13.0
RCS usage for SPS TPI
Ullage 17.3
Moment control 2.0 Same as
a case 1
Trim 10.4
Subtotal 111.0 111.0
Braking - 150
MCC's and LOS comtrol® 69.2 69.2
Mixture ratio allowance 10.0 10.0
Total 190.2 340.2
L

aReference T.

bRef‘erence 8.
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TABLE 3-II.- MINIMUM SM RCS PROPELLANT

REQUIRED FOR RESCUE AND RETURN

[Case I, LM braking]

Mission phase Minimum propellant

required, 1b
Undock 581.2
Postinsertion LoT.2
Post-CSI L61.k
Post-CDH 429.1
Post-TPI 38L4.6
Postdocking 229.7
TEI 166.8
CM/SM separation 0-

TABLE 3-IIT.- SM RCS MARGIN AT UNDOCKING

WITH CSM-ACTIVE RESCUE

Case Active vehicle Mission activities Propellant margin
no. for braking post-rendezvous at undock, 1b
I M Immediate return 209.0
II M Nominal mission 130.7
111 CSM Immediate return 59.0
v CSM Nominal mission -19.3
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4.0 THE SPS ANALYSIS

The budget presented in table L-I is for a May 18 launch, T72°
launch aximuth, first opportunity injection, and fast earth return. The
assumptions used to prepare this budget are presented in table L-II.
Engine performance characteristics are taken from reference 1, and the
AV requirements are taken from reference 9.

Note that the mission flexibility AV of 900 fps has been used in
addition to the fast return. In real time, however, it is highly likely
that a slower return would be performed if the 900 fps had been used
prior to TEI (e.g., for IM rescue). Hence, the margin of 762 pounds
shown in table 4-I assumes both a fast return and use of the 900 fps
contingency AV.
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TABLE L4-I.- SPS PROPELLANT SUMMARY

ITtem Propellant Propellant
required, 1b remaining, 1b

Loaded” -- 40 808.7
Trapped and unavailable® Ll . h Lo 367.3
Outage 78.5 Lo 288.8
Unbalance meter bias 100.0 L0 188.8
Available for AV -- LO 188.8
Required for AV 7
TIMC (120 £ps)° 1139.7 39 04g.1
10I-1 (2978.35 fps) 23%650.8 15 398.3%
L0I-2 (138.5 fps) 952.9 b Lish
TEI®(3622.5 fps) 11101.4 3 3440
liominal remaining 3 34L.C
Mission flexibility AV (900 fps) 2234 .1 1 100,90
Dispersions (-%0) 348.4 761.5
Propellant margin 761.5

aReference 3.

b
Includes 19.7 fps for evasive burn and 57.0 fps for nominal MCC-1.

CApproximately 9100 1b are required for l-day later return.
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TABLE 4-II.- ASSUMPTIONS FOR THE SPS ANALYSIS

1. Launch was on May 18, 1969 at a 72° launch azimuth with a

first opportunity injection and a fast earth return.

2. Each SPS engine start used 1L.L4 1b of propellant in non-

propulsive losses.
3. ©Spacecraft weight:
CM, 1b .
SM, 1b .
SLA ring, 1b .
Tanked SPS, 1b .
LM (unmanned), 1b.
Spacecraft at TLC, 1b. .
4. SM RCS, EPS, and ECS weight losses

Mission Period

Lift-off to evasive maneuver. .
Evasive maneuver to MCC-1 .
MCC-1 to LOI-1.

LOI-1 to LOI-2.

I0I-2 to TEI.

12 276.

10 641.8

98.
Lo 606.
30 8.48.
ok h71.

97.
53.
Lok,
26.

231.

5. CM equipment jettisoned with the ascent stage in lunar orbit

was 193.4 1b.

@ =
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5.0 THE LM RCS PROPELLANT ANALYSIS

TABLE 5-I.- GROUND RULES AND ASSUMPTIONS

1. Data for the LM RCS propellant requirements were
obtained from reference 2.

2. All orientation maneuvers were assumed to be made at
2.0 deg/sec.

3. All orientation maneuvers were assumed to be three-axis
maneuvers.

4. Line of sight with the CSM was assumed to be maintained
in the AGS minimum impulse mode.

TABLE 5-11I.- IM RCS PROPELLANT SUMMARY

Description 7 P?opellant, }b.
. equired Remaining

Loaded 633.0
Trapped 4o.6
Gaging inaccuracy and loading tolerance 39.5
Mixture ratio uncertainty 17.0
Usable 535.9
Nominal mission requirement 318.2
Nominal remaining 217.7




TABLE 5-IIT.-

31

ONBOARD READING OF RCS PROPELLANT REMAINING

Event

Percentage of propellant
remaining in system A

Percentage of propellant
remaining in system B

Post-DOI
Postphasing
Postinsertion
Post-CSI
Post-CDH
Post-TPI
Postbraking

Postdocking

96
93
85
79
75
69
54

51

ok
89
82
5
71
65
51
T




TIME

HRS

97

se

S8

G8

ce
ce

63

SS

1ccC

1C0

100

100

106G

100

M

35
40
40
46

45
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TABLE 5-IV.- LM RCS PROPELLANT BUDGET

EVENT TITLE

QUTPUT PROPELLAMT LOADINGS
RCS HOT FIRE
UNDOCK ING

MAVR FOR INSP AND FOR FLY

5 RR LOCK ON CHECK

IMU REALIGN STAR 1
IMU REALIGN STAR 2
IMU REALIGN STAP 3
MNVR TO BURN ATTITUDE
ATTITUDE HOLD

2 JET ULLAGE

DESCENT ORBIT INSERT. BURN
MCMENT CONTROL
ATTITUDE HOLD

RR LOCK ON

MAINTAIN RR TRACKING

PITCH DOwWN 9C DEG.

YAW LEFT 180 DEG.

YAW RIGHT 18C DEG.
PITCH DOWN 9C DEG.
MNVR TG BURN ATTIUTDE
ATTITUDE HOLD

2 JET ULLAGE

DPS PHASING BURN

> MOMENT CONTROL

S/C WY
{L3S)

31221.
3l2¢z2,
31252,
31225,
31225,
3122].
31217.
31213,
" 31205,
31203.

31283,

3N968,
30968,
309¢4,
309¢62,
33360,
30659,
30657,
30957.
30953,
30353,
30547,
301329,

“ 303150

LM
RCS
USED
(LBS)
o0
5.0

«C

1c.C

LM

RCS

LEFT
{L8S)
633.0
62R.0
£28.0
618,0
6la.1
610.1
£0£,2
€02,3

598'4

-507.9

592.0
5G62.0
565.0
58445
58046
579.2
57744
575.9

5T4.4

0

573.
570.0
565.5
563.6
56346

5€¢2.1

Ly
RCS
LEFT
(&)
100,

59,

Q3.
S7,.
G5.
96.
G5,

95.

al.
S0.
90.
89.
89.

89,




TIME

HRS

1¢0

160

1G1

e

1c1

102
iG2
102

102

M

TABLE 5-IV.- 1M RCS PROPELLANT BUDGET - Continued

EVENT TITLE

ATTITUDE HOLD

YAR

PITCH

RR LCCK ON

MAINTAIN RR TRACKING
IMU REALIGM STAR 1
IMU REALIGN STAR 2
COAS CALIBRATION

RR LOCK ON

MAINTAIN RR TRACKING
RR LOCK CN

MAINTAIN RR TRACKING
ORIENT FOR STAGING
STAGING

START STAGING
COMPLETE STAGING:
MNVR TO BURN ATTITUDE
ATTITUDE HOLD

2 JET ULLAGE

[ TR VNl ¥| ANTODN
MCOMEN ONTROL INS

£

3 NULL CVEL 1FPS XAXIS

NULL DVEL 1FPS YAXIS
NULL DVEL 1FPS ZAXIS
YAW

PITCH

33

S/C WT
{LBS)

30314.
30313,
3031i.
303¢C7.
30305,
30302,
30269,
30285,
30251,
30289,
30285,
30284,
30280.
8378,
8377,
8375,
8374.
8372,
8353,

8167

=

8166,
8195,
8193,
8193,

8193,

LM
RCS
USED

(LBS)

«5

Ly

RCS

LEFT
(LBS)

L¥
RCS
LEFT
(g}
89,
88,
83.
58,
87.
87.
86,
86.
35,
85.
84,

B4,




TIME

HRS

12
102

1¢2

1Cs

105

M

43
50
50

5

v

(B8]
[P}

34!

1

TABLE 5-IV.- IM RCS PROPELLANT BUDGET - Continued

EVENT TITLE S/C WT
(L8s)

ATTITUDE HOLD 8191
IMU REALIGN STAR 1 8190,
I¥J REALIGN STAR 2 8186,
IMU REALIGN STAR 3 " s18s.
RR LOCK ON 8187,
MAINTAIN RR TRACKING 8180,
MNVR TO BURN ATTITUDE 8180,
ATTITUDE HOLD 8179,
€SI RCS BURN 8133,
ATTITUDE HOLD 8131,
RR LOCK ON 8130,
MAINTAIN RR TRACKING 81285,
PLANE CHANGE 8123,
MAINTAIN RR TRACKING 8112z,
MNVR TO BURN ATTITUDE _ 8111,
ATTITUDE HOLD 8109.
CDH +Z BURN ' ' 8105,
ATTITUDE HOLD 8103,
MAINTAIN LOS 8095,
TPI RCS BURN 8070,
ATTITUDE HOLD 8058,
ORIENT TO ATTITUDE 8067,
MAINTAIN LOS 8063,
MCC AND BRAKING 8013.

ATTITUDE HGLD " 8011.

LM

RCS
U3ED
(LBS)
2.3
8
o8
o8

o8

LW

RCS

LEFT
{LBS)

51C.9

49G.0
434.7
482.4
481.5
477.0
475.0
463,.6

462417

46005

457.1

454,7
446.7
42240
41¢.7
418.8
414,32
36541

362.8

L™
RCS
LEFT
(&)

80.
80,
75,
79.
79,
T7.
Tée

T76.

T5.
13,
3.

73,

6.
6.
65
58

57.
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TABLE 5-IV.-~ LM RCS PROPELLANT BUDGET -~ Concluded

TIME EVENT TITLE S/C WT LM LM LM

KPS M {LBS) RCS RCS RCS
USED LEFT LEFT
(LBS) (LBS) (&)

1C5 40 ATYITUDE MNVRS AND LCS CONTROL 7985. 2640 335,8 53.

165 55 FOR FLYING 7673« 12.C 324,.8 51,

106 20 LY CONTROL DURING CSM ACTIVE D 7653, 10,0 3i4.8 50
OCKe.

1C7 € TRANSFER EQP TO LM 8243. «0 314,.8 50,

107 3 UNDOCKING 7778, «C 314.8 50.

1C8 39 APS BURN TO DEPLE. 5475. .0 314,.8 50.
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6.0 THE DPS ANALYSIS

The assumptions for the DPS analysis are presented in table 6-I,
and the DPS propellant requirements are shown in table 6-II. Propellant
loads are taken from reference 3. Burn requirements reflect the following
thrust profiles: DOI performed at 10 percent thrust for 15 seconds and
at 40 percent thrust for 1L.9 seconds; phasing performed at 10 percent
thrust for 26 seconds and at F.T.P. for 19.3 seconds. There is
a propellant margin of 16 865 pounds.

TABLE 6-I.- ASSUMPTIONS FOR THE DPS ANALYSIS

1. Mixture ratio = 1.597 + 0.01k1 (ref. 10).

2. Propellant cost for engine and valve operation is 8.6 1b
per engine start.

3. Bulldup and tailoff cost is 19.15 1b of propellant per burn.

4, Propellant flow rates for various throttle settings were
taken from reference 2.

TABLE 6-II.- DPS PROPELLANT SUMMARY

Propellant Propellant
required, 1b remaining, 1b
Loaded® 18 264.2
Trapped® 198.2 18 066.0
30 outage 125.2 17 940.8
Available for AV 17 940.8
Required for AVb
DOI, T1.1 fps, 29.9 sec" 308.2 17 632.6
d
Phasing, 195.6 fps, 45.3 sec T767.8 16 864.8
Propellant margin 16 86L.8

aReference 3.
bIncludes nonpropulsive usage and buildup/tailoff usage.
€15 seconds at 10% thrust and 14.9 seconds at LO% thrust.

d26 seconds at 10% thrust and 19.3 seconds at F.T.P.
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7.0 THE APS ANALYSIS

The assumptions for the APS analysis are presented in table T-I.
The APS propellant budget is presented in table 7-II. The data for
usable propellant were taken from reference 3 and assume a 50 percent
APS propellant loading. The CSI was performed with RCS/APS inter-
connect for 22 seconds. Because of the APS burn to depletion, there
is a zero APS propellant margin.

TABLE 7-I.- ASSUMPTIONS FOR THE APS ANALYSIS

1. Isp = 308.5 * 3.6 seconds (ref. 2).
2. APS propellant tanks are 50% loaded.
3. Ascent stage at earth lift-off weighs 7959 1b (unmanned).

L. LM RCS and ascent stage EECOM weight loss is 122.6 1b
prior to insertion.

5. Mixture ratio = 1.587 %= 0.018 (ref. 2).

6. Engine and valve operation uses 3.6 1b of propellant per
APS burn.

TABLE T-II.~ APS PROPELLANT SUMMARY

Ttem Propellant Propellant
required, 1b remaining, 1b
Loaded® 2631.7
Trappedb 48.9 2582.8
Available for AV 2582.8

Required for AV

Insertion, 206.9 fps, 15.4 sec 174.8 2408.0
CSI, 50.3 fps, 22 sec through
interconnect 32.3 2375.7
Burn to depletion 2375.7 0
Propellant margin 0

aReference 3.

bDoes not include trapped in feed lines and heat exchanger, which
is considered usable for depletion burn.
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8.0 THE CSM EPS ANALYSIS

The power levels of each component were obtained from reference 1;
the cryogenic loading data were obtained from reference 3. Cislunar
heater cyclic rates were used for TLC and TEC.

The EPS profile presented in figure 8-1 indicates that no serious
problems exist. Because the May 18 mission is only 192 hours, there
are ample cryogenics (figs. 8-2 and 8-3) for mission completion.
However, a worst case tank failure could occur at TEI minus 18 hours
(REV 24) which would increase the time on one tank. REV 2L was deter-
mined to be the worst case point because at this point there is not
enough SPS AV available to return to earth earlier than the nominal
192 hours and still land in the primary landing area. Therefore, a
nominal power-down of the spacecraft to 55 amperes for TEC insures a
safe return to earth. The total DC energy accumulated throughout the
mission is presented in figure 8-4. The CM bus voltage profile is
presented in figure 8-5 and indicates that no voltage limits are vio-
lated.

The metabolic O2 requirements were altered to 0.197 1t /hr, rather

than 0.23 1b/hr, based on postflight analyses of Apollo 7 and 8. This
alteration corresponds to approximately L00 Btu/hr as compared with
467 Btu/hr.

The 45 A-h rating mentioned in assumption 3 also was based on
postflight testing of the entry and postlanding batteries.
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8-I.- ASSUMPTIONS FOR THE CSM EPS ANALYSIS

1. The system was assumed to operale with three fuel cells and two
inverters.

2. The fuel cells were purged every 900 A-h.

3. Three entry and postlanding batleries were considered available
to supply the total spacecraft power required for entry, parachute descent
and postlanding time. FEach baltery was assumed to have a 4O A-h capacity
until splashdown, at which time the capacity was uprated to L5 A-h.

4. Two batteries were considered to be in parallel with the fuel
cells during ascent and for each SPS maneuver.

No cryogenic venting was agsumed.

The FEPS hydrogen consumption rate (1b/hr) = 0.00257 X Ifc'

-~ Cv '\

The EPS oxygen consumption rate (1b/hr) = 7.936 X H,.
8, An SPS evasive mancuver and two SPS midcourse corrections were

assumed.

9. Six battery charges were assuned: three on battery A and three
on battery B.

10. Five percent uncertainty in the EPS profile is included in the
cryogenic requirements.
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TABLE 8-II.- CRYOGENIC SUMMARY

Description H2 02
Required | Remaining | Required | Remaining
Loaded (two tanks) 1 s8.60 660.20
Residual 2.32 56.28 13.0 6LT7.20
Instrumentation error 1.53 54,75 17.5 629.70
Available for mission planning 54.75 629.70
Prelaunch requirements
t minus 28 hr to t minus 12 hr at load
of 10.8 amperes 45 54,30 3.59 626.11
Vent allowance (H2 = 0.055 1b/hr),
(0, = 0.65 1b/hr) .88 53.42 10.k40 615.71
t minus 12 hr to t minus 9 hr at load
of 60 amperes L6 52.96 3.67 612.0k
t minus 9 hr to t minus 2 hr (includes
6 hr hold) at load of 45 amperes 1.50 51.46 11.93 600.11
Crew ingress at t minus 3 hr (0.196 1b/hr) - - .59 599.52
t minus 2 hr at 75 amperes .39 51.07 3.06 596.46
Mission requirements -
EPS 36.12 1k.95 260.86 335.60
ECS (includes CSM IM requirements) - - 95.62 239.98
Uncertainties
5% uncertainty in EPS 1.61 13.1k 13.02 226,96
Launch window L.5 hr .87 12.27 7.80 219.16
Margin - 12.27 - 219.16
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9.0 THE CSM ECS ANALYSIS

TABLE 9-1I.~ ASSUMPTIONS USED FOR THE ECS ANALYSIS

6.

T.
was 0.05

8.
9.
10.
11.

12.

Average metabolic O2 rate was as follows.

a. One man, 1b/hr. . . . . . . . . 0.066
b. Two men, 1b/hr. . . . . . . . . 0.131
e¢. Three men, 1b/hr. . . . . . . . 0.197

Cabin leakage rate was 0.1 1b/hr.
Tunnel leakage rate was 0.05 1b/hr.
LM leakage rate was 0.1 1b/hr.

Waste management vent flows O, at 0.85 1b/hr.

2

HEO tank bleed rate was 0.032 1b/hr.

Waste management was 0.024 1b/hr for the first 96 hours and
1b/hr from 96 hours to end of mission.

Cabin temperature control was set at T0°F.

Water produced by the LIOH—CO2 reaction was 0.108 1b/hr.
Crew water usage was 18.96 1b/day.

Water lost by crew micturition was 2.64 1b/day per man.

Waste tank water was dumped from 85% of full capacity to

25% of full capacity when the waste tank quantity reached 85% of full

capacity.

13.

1k,

Water tank capacities were the following.

Potable, 1b. +. + « « « « « « « . . . kO

Waste, 1b. v « « « =« « « &« o « « . . 60

Water tank quantities at 1lift-off were the following.
Potable, 1b. . . . . . . o . o . .. 21.2

Waste, 1b. « + « « « + « « « « « . . k5.0




TABLE 9-I.-

L8

ASSUMPTIONS USED FOR THE ECS ANALYSIS - Continued

15. The water evaporator boiling efficiency was 100%.
16. The average glycol flow rate was approximately 225 1b/hr.

17. The heat loads of the cold-plated equipment were split so
that 88% of the heat load went to the glycol, 9% was lost through the

structure, and 3% went to the cabin.

18. The heat loads of the noncold-plated equipment were split
so that 50% of the heat load went to the cabin and 50% was lost
through the structure,

TABLE 9-II.-

ECS OXYGEN REQUIREMENTS

Oxygen At, Oxygen
Mission time, hr consumption rate, hr requirements,

1b/hr 1b
0~ 3.2 1.203% 3.2 3.85
3,2 = Lk.5 .503 1.3 .65
h.5 - 8.0 1.35% 3.5 L.73
8.0 - 95.92 .503 87.92 L 20
95.92 ~ 106.h .215 10.48 2.25
106.4 - 107.7 .530 1.3 .69
107.( - 192.0 . 380 8L.3 32.03
IM and tunnel pressurization at 3 hr 25 min 6.9
Tunnel pressurization at 106.4 hr .3
Total ECS O9 requirement, 1lb 95.62
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10.0 THE IM EPS ANALYSIS

The LM descent and ascent stage battery energy used for the
nominal mission is 423 A-h and 391 A-h, respectively. Unusables defined
in assumptions 2, 3, and b of table 10-I indicate that the descent

stage and ascent stage have 70 and 28 percent energy remaining, respec-
tively.

TABLE 10-I.- ASSUMPTIONS FOR THE LM EPS ANALYSIS

1. Energy available for the descent stage batteries is 1600 A-~h
and for the ascent stage batteries is 592 A-h.

2. Energy unusable for the descent stage batteries and the ascent
stage batteries because of lack of MSFN coverage is 21 A-h and 7 A-h,
respectively.

3. Energy unusable for the descent stage batteries and the ascent
stage batteries because of telemetry inaccuracy is 14 A-h and 11 A-h,
respectively.

4, Energy unusable for the descent stage batteries and the ascent
stage batteries because of equipment power dispersions is 21 A-h and
20 A-h, respectively.

5. The descent stage batteries would go on the line at 1lift-off
minus 30 minutes with no recycle on the pad. They would go off the line
again at transposition and docking.
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11.0 THE IM ECS ANALYSIS

Because of the late availability of a revised trajectory and updated
EPS data, the ECS analysis shown in this report is based on a previous
flight plan and trajectory. A revised ECS analysis will be performed
and documented as soon as the above information is available. However,
this analysis is presented here because it provides a good estimate of .
the ECS requirements.

TABLE 11-T.- ASSUMPTIONS FOR THE LM ECS ANALYSIS

1. Cabin O2 leakage rate was 0.1 1b/hr while pressurized.

2. Metabolic rates were varied according to reference 2.

3. Metabolic O2 consumed was (1.643 x10™%) x (metabolic rate).

4. H.O consumed because of sublimator cooling was (total heat

2
load, Btu/hr) x (H_ 0 x 1/1040, Btu/lb).

2

5. H20 lost because of micturition was 0.11 1b/hr/man.

6. Cabin temperature control was set at T75° F.
7. Average glycol flow rate was 250 1b/hr.
8. VUncertainty in the water nrofile was calculated using 1 1b/hr.

9. Uncertainty in the oxygen profile was calculated as 57 of the -
required 02 plus 0.1 1b/hr for the uncertainty in the cabin leakage rate.




TABLE 11-II.-

59

IM ECS CONSUMABLES SUMMARY

(1) vescon.. stage
A
Description 0., 1b 10, b
Loaded L8.00 344,00
Unusable 3,40 26.00
Available rfor mission L4, 60 307.00
Required for mission 3.97 63,75
Usable remaininyz in tanks AN 20h.29
|
(b) Ascent stage
., \
Toaded I, 86 £5.00
Unusable “rh L.00
Available for mission W1y $0.80
Required for mission 1.07 I
'Usable remaining in tanks 2.65 54,19
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